The characteristics of the spectral evolution for the prompt emission of gamma-ray bursts (GRBs), which is closely related to the radiation mechanism (synchrotron or photosphere), is still an unsolved subject. Here, by performing the detailed time-resolved spectral fitting of GRB 131231A, which has a very bright and well-defined single pulse, some interesting spectral evolution features have been found. (i) Both the low-energy spectral index α and the peak energy E pk exhibit the 'flux-tracking' pattern. (ii) The parameter relations, i.e., F (the energy flux)-α, F -E pk , and E pk -α, along with the analogous Yonetoku E pk -L γ,iso relation for the different time-resolved spectra, show strong monotonous (positive) correlations, both in the rising and the decaying phases. (iii) The values of α do not exceed the synchrotron limit (α= -2/3) in all slices across the pulse, favoring the synchrotron origin. Such distinct features previously unidentified call for physical interpretations. We argue that the one-zone synchrotron emission model with the emitter streaming away from the central engine can explain all these special spectral evolution characteristics.
INTRODUCTION
One of the leading models to interpret the observed spectral shape in the prompt emission of gamma-ray bursts (GRBs) is the synchrotron radiation model, which invokes emission of relativistic charged particles either from internal shocks or from internal magnetic dissipation processes. The observed GRB spectra, both the time-integrated and the time-resolved spectra, can be described well by an empirical Band function (Band et al. 1993) , namely the smoothly connected broken power law. The low-energy power-law index α is typically ∼ -1.0, the high-energy index β ∼ -2.25 and the peak energy E pk ∼ 300 keV for the time-integrated spectrum, based on the statistical works of large sample of GRBs (e.g., Preece et al. 2000; Kaneko et al. 2006; Goldstein et al. 2012; Geng & Huang 2013) . As for the time-resolved spectra, the low-energy index α is much harder (α ∼ -0.8, Kaneko et al. 2006; Yu et al. 2016 Yu et al. , 2018 , while β and E pk remain unchanged.
In addition to the typical values, for the time-resolved spectra, the evolution characteristics of E pk and α have been widely studied in early (pre-Fermi era, e.g., Golenetskii et al. 1983; Norris et al. 1986; Kargatis et al. 1994; Bhat et al. 1994; Ford et al. 1995; Crider et al. 1997; Kaneko et al. 2006; Peng et al. 2009 ) and recent (Fermi era, e.g., Lu et al. 2012; Yu et al. 2016; Acuner & Ryde 2018; Li 2018; Yu et al. 2018) works. In the pre-Fermi era, the E pk is revealed to exhibit several distinct patterns: (i) 'hard-to-soft' trend, decreasing monotonically regardless of the rise and fall of flux (e.g., Norris et al. 1986; Bhat et al. 1994; Band 1997) ; (ii) 'flux-tracking' trend (e.g., Golenetskii et al. 1983; Ryde & Svensson 1999) ; and (iii) others (e.g., soft-to-hard or chaotic evolutions, Laros et al. 1985; Kargatis et al. 1994) . After the launch of Fermi in 2008, with the spectral data of higher quality, the former two patterns are confirmed to be dominated: 'hard-to-soft' for about two-thirds and 'flux-tracking' for about one-third (e.g., Lu et al. 2012; Yu et al. 2018) . The physical origin of these E pk evolution patterns still remains unsolved, though some scenarios have been proposed in the literature (e.g., Liang et al. 1997; Ryde & Svensson 1999; Medvedev 2006; Zhang & Yan 2011; Uhm & Zhang 2014; Deng & Zhang 2014; Uhm & Zhang 2016; Uhm et al. 2018) .
As for the α evolution, based on a BATSE sample, Crider et al. (1997) for the first time pointed out that α evolves with time rather than remains constant. Recently, Yu et al. (2018) systematically studies the spectral evolution of 38 good single pulses from 37 Fermi GRBs with a fully Bayesian approach, and finds that the α evolution does not show strong general trend. Compared with E pk evolution, the α evolution is more chaotic, and thus there are relatively fewer studies and physical explanations. In addition, the correlation analysis for the evolution of E pk and α in a single burst is lacking of. Here in this work, after carrying out the detailed time-resolved spectral analysis of the good single pulse in the bright Fermi burst, GRB 131231A, we find that both the E pk and α evolution exhibit the 'flux-tracking' behavior, which is quite unique. Then, how to explain such unique spectral evolution characteristics is an attractive question, and may offer some implications for the origin of the E pk evolution patterns or the prompt emission mechanism. The low-energy power-law photon index α, as predicted by synchrotron model, has a limit value called line-of-death (LOD) 1 . This limit requires that α could not exceed the value of -2/3. On the other hand, when the electrons are in the fast-cooling regime, the spectral index of the electron distribution is -2., resulting a photon index of -3/2 (Sari et al. 1998) . Therefore, in simple synchrotron scenario, α ranges from -3/2 (fast cooling case) to -2/3 (slow cooling case). Considering that α does not exceed the synchrotron limit (α= -2/3, Sari et al. 1998 ) in all slices across the pulse, we try to use the synchrotron emission model to interpret this unique spectral evolution characteristics.
The paper is organized as follows. The data analysis is presented in Section 2. The physical interpretations are presented in Section 3. The conclusions and discussions are presented in Section 4. Throughout the paper, a concordant Friedmann-Lemaitre-Robertson-Walker with parameters H 0 = 71 kms −1 Mpc −1 , Ω M = 0.30, and Ω Λ = 0.70 is adopted. The convention Q = 10 x Q x is adopted in cgs units.
DATA ANALYSIS

Observations
GRB 131231A (trigger 410157919/131231198) triggered Gamma-Ray Monitor (GBM: 8 keV -40 MeV) on board the NASA Fermi Gamma-Ray Observatory at 04:45:16.08 UT (T 0 ) on 2013 December 31. In addition, the intense high-energy emission of GRB 131231A also triggered the Large Area Telescope (LAT) on board Fermi, and the Konus-Wind. The light curve of the prompt emission exhibits a single large peak profile ( Fig.1) , with T 90 (Kouveliotou et al. 1993 ) of 31.23±0.57 s in the 50-300 keV band (Jenke & Xiong 2014) . Besides, GRB 131231A is a very bright burst. The fluence in the energy range of 10 keV-1000 keV from T 0 +0.003 s to T 0 +56 s reported by GBM team is (1.40±0.001) × 10 −4 erg cm −2 (Jenke 2014), while in the energy range of 20 keV-10 MeV from T 0 to T 0 +7.488 based on the observation of Konus-Wind is (1.55±0.05) × 10 −4 erg cm −2 (Golenetskii et al. 2014 ). The 1024-ms peak flux in the energy range of 10-1000 keV is 78.81±0.65 photon cm −2 s −1 according to the Fermi observation. The time-averaged spectrum from T 0 s to T 0 +34.303 s, as reported in (Golenetskii et al. 2014) , can be well fitted by the Band function (Band et al. 1993) , with the best-fit parameters of the low-energy photon index α=-1.28±0.04, the high-energy photon index β=-2.47±0.05 and the peak energy E pk = 163±6 keV, and the value of fitting quality, χ 2 /dof = 94.3/82. Furthermore, GeV afterglow emission was detected for GRB 131231A and its temporal and spectral behavior can be accounted for with the synchrotron self-Compton radiation of the relativistic electrons accelerated by forward shock (Liu et al. 2014) . Swift/BAT observation, the early X-ray and optical afterglows (e.g., Li et al. 2012 Li et al. , 2015 Li et al. , 2018a are not available. The X-ray counterpart was detected by the Swift/XRT at 52.186 ks after the trigger, with the location of R.A.= 10.5904 and Dec.= -1.6519 (Liu et al. 2014) . The redshift of this GRB is ∼ 0.642 (Xu et al. 2014; Cucchiara 2014) and the estimation of the released isotropic energy is E γ,iso = (3.9±0.2)× 10 53 erg (Xu et al. 2014 ).
Time-resovled Spectral Fits
The software package RMFIT (version 3.3pr7) is applied to carry out the spectral analysis. We perform the spectral analysis using the data of three NaI detectors (n0, n3, and n4) and one BGO detector (b0) on Fermi/GBM. The TTE (Time-Tagged Events) data is used to get photons counts for an individual time. We estimate the background photon counts by fitting the light curve before and after the burst with a one-order background polynomial model. The source is selected as the interval from 0 s to 50 s, which covers the main photon signals after deducting the background. The time bin selection for the time-resolved spectral analysis follows the more reasonable Bayesian Blocks method (BBs, see the more detailed discussion in Scargle et al. 2013; Burgess 2014; Li 2018) . We also calculate the signal-to-noise ratio (S/N) for each slice, with the derived photon signal and background noise using the XSPEC tool. To carry out a precise spectral analysis, enough photons should be included in each slice. Thus, a suitable value of S/N is required (we use S/N ≥ 20 in this paper, see also Vianello 2018; Li 2018) . After binning with the BBs, we obtain 24 spectra in the interval from 2.886 s to 50 s 2 . All these spectra can be well fitted by the Band model, except for two spectra with un-constrained β. The goodness-of-fit is determined by reduced C-stat minimisation. The best-fit parameters for each spectrum (α, β and E pk ), along with its time interval, S/N and reduced C-stat, are summarized in Table 1. 2.3. Unique Characteristics of the Spectral Evolution in GRB 131231A: 'flux-tracking' patterns for α and E pk
The spectral evolution characteristics could be more physical for single-pulse GRB with good pulse profile. On the one hand, it does not suffer from the influence of the complex central engine for multipulse GRB, for which the physical properties may change greatly and thus are hard to be inferred. On the other hand, it excludes the impact of pulse overlapping on the spectrum for the pulse with peculiar profile. One can then apply the knowledge of such single pulse to the more complicate light curves (Basak & Rao 2014) . Accordingly, the prompt emission of GRB 131231A shows a single pulse with a long duration (T 90 ∼ 31 s). Moreover, this single pulse presents a very symmetric structure, with a peak-flux time at around 23 s. Interestingly, temporal evolution of E pk , as well as α, display a significant flux-tracking trend (Figure 1 ). The peak time of E pk evolution is slightly earlier than that of the flux, consistent with the previous studies (e.g., Lu et al. 2012) . While α shares the same peak time with the flux. In addition, the values of E pk , α, and β are quite consistent with the typical values of the synchrotron shock model.
Recently, Yu et al. (2018) reported that only 8 out of 38 bursts (21%) for a single-pulse GRB sample exhibit 'flux-tracking' pattern for E pk . They also pointed out that no strong general trend of the α-evolution is found, and it varies from burst to burst. This implies a chaotic α evolution as observed within a large GRB sample. The fact suggests that the spectral evolution in GRB 131231A is quite unique, since both α and E pk exhibit 'flux-tracking' patterns.
Observationally, both the hard-to-soft and intensity-tracking patterns show deceasing E pk with decreasing flux during the decaying wing of a pulse, which generates a positive linear correlation between energy flux F and E pk . However, this is not always the case in the rising wing of the pulse. In the hard-to-soft pattern, E pk decreases with increasing flux. Considering that the characteristics in the decaying wing is usually supposed to be the result of the curvature effect (e.g., Uhm & Zhang 2016) , the rising wing may be more important than the decaying wing in diagnosing different physical emission mechanisms. Likewise, the analogous results should be also exist in α evolution. On the other hand, one distinct feature of GRB 131231A is that both E pk and α display 'flux-tracking' behaviours, this may cause the individual parameter relations show strong-monotonous correlations in both the rising and the decaying wings. In the following, we perform the parameter correlation analysis in both the rising and the decaying wings.
Parameter Correlation Analysis
The spectral correlation analysis plays an important role in revealing the radiation nature of GRB prompt emission. The key correlations include those between the energy flux F , peak energy E pk , and low-energy photon index α, i.e., E pk -F , α-F , and E pk -α correlations.
To investigate the above mentioned relations, the energy flux F in each slice needs to be known. We obtain the energy flux (erg cm −2 s −1 ) by integrating the F E (erg cm −2 s −1 Hz −1 ) spectrum of Band model, for the energy range from 10 keV to 40 MeV and the corresponding time interval of each time-resolved spectrum (Col. (1) in Table 1 ). Then, we show respectively the temporal evolution of E pk and α compared with the energy flux in Figure 2 , and find the more prominent 'flux-tracking' behaviour than Figure 1 (especially before the peak time) .
The relation between the energy flux F and E pk , i.e., the Golenetskill E pk -F relation (Golenetskii et al. 1983 ), for the time-resolved spectra of GRB 131231A is shown in Figure 3a . Previous analyses (e.g., Borgonovo & Ryde 2001; Firmani et al. 2009; Ghirlanda et al. 2010; Yu et al. 2018 ) have revealed that the Golenetskill E pk -F relation shows three main types of behavior: a non-monotonic relation (containing positive and negative power-law segments, with a distinct break typically at the peak flux), a monotonic relation (described by a single power-law), and no clear trend. The time-resolved E pk -F in GRB 131231A (our case) shows a tight positive correlation for both the rising and decaying wings (Figure 3a) in the log-log plot, but the power-law indices are quite different. This case hence corresponds to the common type of monotonic relation. For the rising wing, our best linear fit is logE pk /(keV) = (4.28 ± 0.55) + (0.35 ± 0.10) × logF /(erg cm −2 s −1 ), 3 with the number of data points N =9, the Spearman linear correlation coefficient R=0.62, and a chance probability p < 10 −4 ; while for the decaying wing logE pk /(keV) = (5.09 ± 0.40) + (0.58 ± 0.07) × logF /(erg cm −2 s −1 ) (N =15, R=0.83, p < 10 −4 ). The slope S d =0.58±0.07 for the decaying wing is much greater than that for the rising wing S r =0.35±0.10. The results of our linear regression analysis for parameter relations are reported in Table 2 . The best linear fit to the time-resolved α-F relation gives α = (0.97 ± 0.24) + (0.38 ± 0.05) × logF /(erg cm −2 s −1 ) (N =9, R=0.91, p < 10 −4 ) for the rising wing, and α = (1.75 ± 0.37) + (0.54 ± 0.07)×logF /(erg cm −2 s −1 ) (N =15, R=0.83, p < 10 −4 ) for the decaying wing. Thus, the α-F relation (Figure 3b ) for GRB 131231A is very similar to the E pk -F relation, showing a monotonic positive relation. This is consistent with the α-F results for a large sample of single pulses in Yu et al. (2018) and of prominent pulses in Ryde et al. (2019) . However, the power-law indices (both the rising and the decaying wings) for the α-F and E pk -F relations are generally the same, which is quite surprising and indicates the spectral evolution characteristics of GRB 131231A is special.
Another important relation, i.e., the E pk -α relation (Lloyd & Petrosian 2000; Kaneko et al. 2006; Burgess et al. 2015; Chhotray & Lazzati 2015) , shows three main types of behaviors, similar to those of the E pk -F relation, for the single pulses (Yu et al. 2018) . A statistical analysis of this relation with a large sample of Fermi GRBs and the discussion on the results with different physical scenarios are also carried out (Li et al. in prep.) . For GRB 131231A, the best linear fit to the time-resolved E pk -α relation gives logE pk /(keV) = (3.25 ± 0.30) + (0.78 ± 0.30) × α (N =9, R=0.49, p < 10 −4 ) for the rising wing, while logE pk /(keV) = (2.93 ± 0.92) + (0.84 ± 0.19) × α (N =15, R=0.60, p < 10 −4 ) for the decaying wing. With the similar relationship in the rising and the decaying wings, a tight monotonic positive relation is obtained (see Figure 4 ). In addition, we also compare the E pk -α relation in our case with three other single-pulse bursts studied by Lu et al. (2012) , in which E pk also exhibits the flux-tracking behavior. No clear relationship is found for these three bursts. While, much harder α values are derived.
Since GRB 131231A has a known redshift, we can calculate the isotropic luminosity for all the time-resolved spectra. After correcting E pk to the burst rest-frame, we show the time-resolved E rest pk -L γ,iso relation in Figure 5 . For comparison, we also plot this relation for the GRBs reported in Yonetoku et al. (2010) , with the time-integrated E rest pk and peak isotropic luminosity L γ,iso of individual burst. The E rest pk -L γ,iso relation for the time-resolved spectra of GRB 131231A is consistent with that for the time-integrated spectra of Yonetoku sample (101 bursts). More interestingly, compared with the rising phase, the relation in the decaying phase is much more compatible with that of the Yonetoku sample ( Figure 5 ). Our best linear fit to the time-resolved E rest pk -L γ,iso relation gives logE rest pk /(keV) = (−15.68 ± 5.40) + (0.35 ± 0.10) × logL γ,iso /(erg s −1 ) (N =9, R=0.62, p < 10 −4 ) for the rising wing, while logE rest pk /(keV) = (−28.22 ± 3.79) + (0.58 ± 0.07) × logL γ,iso /(erg s −1 ) (N =15, R=0.83, p < 10 −4 ) for the decaying wing. The Yonetoku's sample gives logE rest pk /(keV) = (−18.24 ± 1.80) + (0.39 ± 0.03) × logL γ,iso /(erg s −1 ) (N =101, R=0.56, p < 10 −4 ). 10 48 10 49 10 50 10 51 10 52 10 53 10 54 10 55 L iso (erg s −1 ) 10 0 10 1 10 2 10 3 10 4 E rest pk (keV) Yonetoku Sample (2010) Rising Decaying Figure 5 . Comparsion of the time-resolved E rest pk -L γ,iso correlation for the rising (pink) and decaying (orange) phases of our case (GRB 131231A) with the time-integrated E rest pk -L γ,iso correlation for the 101 GRBs in Yonetoku et al. (2010;  gray filled circles). The solid line is the best fit to the time-resolved spectra of Yonetoku sample, while the two dotted lines represent its 2σ dispersion around the best fit. In short, several noticeable features of GRB 131231A can be summarized as: (i) the prompt emission generally displays a single large peak profile; (ii) α evolution does not exceed the synchrotron limits (from -3/2 to -2/3) in all slices across the pulse; (iii) both the E pk and the α evolution exhibit 'fluxtracking' patterns across the pulse; (iv) the parameter relations, i.e., E pk -F , α-F , E pk -α, along with the analogous Yonetoku E rest pk -L γ,iso relation, exhibit strong-positive-monotonous correlation, both in the rising and the decaying wings of the pulse. Moreover, Yu et al. (2018) recently found a chaotic α evolution observed within a large GRB sample and only 21% of a single-pulse GRB sample exhibit E pk 'flux-tracking' pattern. All such facts suggest that the spectral evolution of our case is very special and rare, which instigates searching for physical interpretations.
Whether the synchrotron or photosphere origin for the GRB prompt emission have been discussed for a long time. The synchrotron models mainly include the internal shock model (Rees & Meszaros 1994; Daigne et al. 2011) , the abrupt magnetic dissipation model (Zhang & Yan 2011; Deng et al. 2015; Lazarian et al. 2018) , and the synchrotron self-Compton model (Bošnjak et al. 2009; Daigne et al. 2011; Geng et al. 2018 ). On the other hand, the photosphere models can be grouped into dissipative (Rees & Mészáros 2005; Pe'er et al. 2006; Giannios 2008; Lazzati & Begelman 2009; Beloborodov 2009; Ioka 2010; Toma et al. 2011; Ryde et al. 2011) and non-dissipative (Pe'er 2008; Beloborodov 2011; Lundman et al. 2013; Deng & Zhang 2014; Meng et al. 2018) ones. In the following, we discuss the coexist of the 'flux-tracking' patterns for α and E pk within the frameworks of the synchrotron and photosphere model, respectively.
3.1. 'flux-tracking' patterns for α and E pk with synchrotron origin
In the framework of the synchrotron model, one can derive E pk ∝ L 1/2 γ 2 e,ch R −1 (1 + z) −1 , where L is the 'wind' luminosity of the ejecta, γ e,ch is the typical electron Lorentz factor in the emission region, R is the emission radius, and z is the redshift (Zhang & Mészáros 2002) . This would naturally result in a tracking behavior since E pk ∝ L 1/2 . Note that the hard-to-soft evolution during the pulserising phase is expected by the Internal-Collision-induced MAgnetic Reconnection and Turbulence (ICMART) model (Zhang & Yan 2011 ) and more generally, any model that invokes a one-zone emitter emitting in a decaying magnetic field due to the expansion of outflow far from the central engine (Uhm & Zhang 2014 . Also, Uhm et al. (2018) recently pointed out that, both hart-to-soft and flux-tracking patterns could be successfully reproduced within a simple physical model invoking synchrotron radiation in a bulk-accelerating emission region.
For GRB 131231A, the evolution of α also tracks the flux intensity. In the rising phase, α gets harder, which could be attributed to the fact that the electron distribution is getting harder if the radiation mechanism is synchrotron. The hardening of the electron spectrum could be achieved by a decaying magnetic field in the emission region (Uhm & Zhang 2014) or the synchrotron self-Compton cooling of electrons (Bošnjak et al. 2009; Daigne et al. 2011; Geng et al. 2018) . Since E pk increases in the rising phase, the characteristic Lorentz factor γ e,ch of emitting electrons should be increasing with R when the magnetic field is decaying. These two evolutions together will make the spectrum of cooling electrons to be hard. The increase of γ e,ch is consistent with the particle-in-cell simulations (e.g., Werner & Uzdensky 2017; Petropoulou & Sironi 2018) . On the other hand, the increasing flux intensity indicates that the ratio of the radiation energy density to the magnetic energy density is rising, which leads the synchrotron self-Compton cooling of electrons to be more significant and then α to be harder. Therefore, both E pk and α tracking the flux intensity is naturally expected within the synchrotron model. In the decaying wing, α gets soft. According to the result of the curvature effect (e.g., Uhm & Zhang 2016) , when the dissipation process ceases, the late-time flux comes from the high-latitude of the early-time emission region, so a reversely softening evolution will happen in the decaying wing.
3.2. 'flux-tracking' patterns for α and E pk with photosphere origin
Since the main spectral difference between the sub-photosphere dissipation model and the nondissipative photosphere model lies in the high-energy end, while α and E pk are similar. Meanwhile, many uncertain aspects exist in the assumptions and the spectral results for the sub-photosphere dissipation model. In the following, we mainly focus on the non-dissipative photosphere model.
In the framework of the photosphere model, we have E pk ∝ L −5/12 r 1/6 0 Γ 8/3 for the R ph > R s regime and E pk ∝ L 1/4 r −1/2 0 for the R ph < R s regime, where r 0 is the initial acceleration radius, Γ is the bulk Lorentz factor, R s = Γ · r 0 is the saturation radius, and R ph is the photospheric radius. Previously, r 0 = 10 7 cm is normally considered, thus the R ph > R s regime is satisfied for the typical values of L and Γ. Then, E pk is anti-correlated to L. The observed "hard-to-soft" and intensity tracking patterns are both not easy to be reproduced unless a certain dependence between Γ and L is exist (Deng & Zhang 2014) . Recently, Pe'er et al. (2015) found that r 0 is likely to be much larger, with the average value of r 0 ∼ 10 8.5 cm. Therefore, in the late time of the decay phase or even the whole pulse the R ph < R s regime can be obtained, since R ph ∝ L. Then the two observed E pk evolution patterns can be well reproduced (Meng et al. 2019 in prep.) .
Different from the complexity of the E pk evolution, the photosphere model predicts a general trend for the α evolution, namely the "hard-to-soft" pattern. This is quite contrast with the synchrotron model. The softing evolution results from the increased contribution of the high-latitude low-energy photons (e.g., Pe'er & Ryde 2011; Deng & Zhang 2014 , Meng et al. 2019 . So, the "fluxtracking" pattern for α in GRB 131231A cannot be naturally explained with the photosphere model.
DISCUSSION AND CONCLUSION
In this Letter, we pay special attention to explain that both E pk and α evolution of GRB 131231A show 'flux-tracking' characteristics simultaneously across its single pulse, and all the parameter relations, i.e., E pk -F , α-F , E pk -α relations, along with the Yonetoku E rest pk -L γ,iso relation, exhibit strongpositive-monotonous correlations, both in the rising and the decaying wings. Such features are rarely observed within a single burst, this is the first ideal case showing that the E pk as well as the α simultaneously track the flux so far.
We then qualitatively explain these unique characteristics of spectral evolution within the frameworks of both the synchrotron and photosphere models. We find the coexist of the 'flux-tracking' behaviors for E pk and α can be naturally interpreted with the synchrotron model, but disfavor the photosphere origin. An additional support to this interpretation is that the α values in the timeresolved special analysis do not go beyond the synchrotron LOD.
The identification of these interesting spectral features should be attributed to the brightness and simple pulse profile of GRB 131231A. The physical processes (i.e. synchrotron radiation of an expanding shell in an optically thin region far from the central engine) should be common. We therefore expect that similar features may exist in more bursts. In fact, dedicated searches of these features in a larger sample (D. Tak et al. 2019, in preparation) indeed revealed similar features in a larger sample independently.
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